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Description 

[0001] This invention relates to refrigerant compositions for cooling and heating applications and to the use of such 
refrigerant compositions in heat transfer devices, in particular refrigeration systems. The invention relates, in particular, 

5 to refrigerant compositions containing low temperature refrigerants, by which is meant refrigerants intended to achieve 
and maintain temperatures of the order of -30°C and below, for example -50°C and even -65°C. 
[0002] Mechanical refrigeration systems (and related heat transfer devices such as heat pumps and air-conditioning 
systems) are well known. In such systems, a refrigerant liquid evaporates at low pressure taking heat from the sur- 
rounding zone. The resulting vapour is then compressed and passed to a condenser where it condenses and gives 

10 off heat to a second zone, the condensate being returned through an expansion valve to the evaporator, so completing 
the cycle. Mechanical energy required for compressing the vapour and pumping the liquid is provided by, for example, 
an electric motor or an internal combustion engine. 

[0003] In addition to having a suitable boiling point and a high latent heat of vaporisation, the properties preferred in 
a refrigerant include low toxicity, non-flammability. non-corrosivity, high stability and freedom from objectionable odour. 

'5 Other desirable properties, particularly of low temperature refrigerants and refrigeration systems using them, are ready 
compressibility at pressures below 20 bars, low discharge temperature on compression, high refrigeration capacity, 
high efficiency (high coefficient of performance) and an evaporator pressure in excess of 1 bar. 
[0004] Dichlorodifluoromethane (Refrigerant R-1 2) possesses a suitable combination of properties and has for many 
years been the most widely used refrigerant. 

20 [0005] Dichlorodifluoromethane is, however, unsuitable for low temperature refrigeration applications, and chlorod- 
ifluoromethane (Refrigerant R-22), or the azeotrope thereof with chloropentafluoroethane (the azeotrope being Refrig- 
erant R502), are usually used in such applications. 

[0006] In recent years, however, there has been increasing international concern that fully and partially halogenated 
chlorofluorocarbons, such as dichlorodifluoromethane and chlorodifluoromethane. may be damaging the earth's pro- 
25 tective ozone layer, and there is general agreement that their manufacture and use should be severely restricted and 
eventually phased out completely. 

[0007] Whilst heat transfer devices of the type to which the present invention relates are essentially closed systems, 
loss of refrigerant to the atmosphere can occur due to leakage during operation of the equipment or during maintenance 
procedures. It is important, therefore, to replace fully and partially halogenated chlorofluorocarbon refrigerants by ma- 

30 terials having zero ozone depletion potentials. 

[0008] In addition to the possibility of ozone depletion, it has been suggested that significant concentrations of halo- 
carbon refrigerants in the atmosphere might contribute to global warming (the so-called greenhouse effect). It is de- 
sirable, therefore, to use refrigerants which have relatively short atmospheric lifetimes as a result of their ability to react 
with other atmospheric constituents such as hydroxyl radicals. 

35 [0009] According to the present invention there is provided a refrigerant composition comprising: 



(I) a refrigerant comprising a ternary mixture of: 

(a) 1.1,1 ,2-tetrafluoroethane 
40 (b) difluoromethane (HFC-32) and 

(c) pentafluoroethane (HFC-125); and 



(II) an ester lubricant, the refrigirant (I) containing from 5 to 95 weight % of the 1,1,1 ,2-tetrafluoroethane and from 
95 to 5 weight % of the other compound 

45 

[0010] The refrigerant composition of the invention may comprise one or more additives of the type which are con- 
ventionally used in refrigerant compositions. The refrigerant compositions of the invention are particularly suitable for 
use in low temperature refrigeration systems. 
[0011] The mixture may be an azeotrope but normally be zeotropic. 

50 [0012] The refrigerant may comprise other suitable refrigerant compounds, for example other hydrofluoroalkanes 
and/or fluorinated ethers. Generally, however, the refrigerant will only contain the hydrofluorocarbons specified above. 
[0013] The amounts of the various components in the refrigerant may vary within wide limits, and may be selected 
so as to provide a composition meeting the design requirements of any particular refrigeration system. Thus, for ex- 
ample, varying the relative proportions of the components of a particular mixture in a particular refrigeration system 

55 affects such parameters as boiling point of the mixture, condenser pressure, evaporator pressure, discharge temper- 
ature, system efficiency (coefficient of performance, by which is meant the ratio of cooling duty achieved to mechanical 
power supplied to the compressor) and refrigeration capacity (compressor swept volume per unit of cooling duty). In 
general, increasing the proportion of difluoromethane in a composition lowers the temperature achieved and maintained 
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by the refrigeration system, whilst increasing the proportion of 1 .1 ,1 ,2-tetrafluoroethane reduces the discharge tem- 
perature. 

[0014] The Tables below show the parameters of a number of refrigerants according to the invention, and compares 
these with the parameters of the presently used refrigerants R-22 and R-502. All the refrigerants examined were ternary 
5 mixtures of difluoromethane (HFC-32), 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a) and pentafluoroethane (HFC-125). The 
percentage by weight of each of the components in the refrigerant are given in the top row of each Table. For example, 
30/50/20 signifies a refrigerant containing 30 % by weight HFC-32, 50 % by weight HFC-134a and 20 % by weight 
HFC-125. In the Tables, the glide in the evaporator represents the temperature range over which the refrigerant boils 
in the evaporator. 

10 [0015] The Tables show that refrigerants according to the invention can exhibit parameters similar to those of R-22 
and R-502 which they could replace. It will be appreciated that for any particular refrigeration application and system, 
a refrigerant according to the invention can be designed to achieve the performance criteria of condenser pressure 
not greater than 20 bars, evaporator pressure greater than 1 bar and compressor discharge temperature below the 
maximum operating temperature of any lubricant contained in a refrigerant composition in which the refrigerant of the 

'5 invention is incorporated. 

[0016] The present invention is particularly concerned with the provision of replacement refrigerants for Refrigerants 
R-22 and R-502, especially the latter, which are at present widely used in commercial heat transfer devices such as 
refrigeration systems. 

[0017] The refrigerant for replacing Refrigerant R-22 is a mixture as defined in claim 1 . 
20 [0018] An especially preferred refrigerant for replacing Refrigerant R-22 is a ternary mixture consisting essentially of : 

(a) 55 to 65 % by weight of 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a); 

(b) 25 to 35 % by weight of difluoromethane (HFC-32); and 

(c) 5 to 15 % by weight of pentafluoroethane (HFC-125). 

25 

[0019] The refrigerant for replacing Refrigerant R-502 is a mixture as defined in claim 1 . 

[0020] A suitable replacement for Refrigerant R-502 may be a mixture comprising a 1:1:1 molar ratio of the above 
components, 

[0021] One particularly preferred refrigerant for replacing Refrigerant R-502 is a ternary mixture consisting essentially 
30 of: 

(a) 25 to 55% by weight, preferably 26 to 55 % by weight of 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a); 

(b) 25 to 55% by weight, preferably 26 to 55 % by weight of difluoromethane (HFC-32); and 

(c) 5 to 45 % by weight of pentafluoroethane (HFC-125). 

35 

[0022] Such a refrigerant can provide a good compromise between the various performance criteria which are de- 
sirable for a refrigerant which is intended to replace Refrigerant R-502. Advantageously, however, such a refrigerant 
can provide a higher refrigeration capacity, i.e a higher cooling duty per unit swept volume, than Refrigerant R-502. 
Such a refrigerant can also provide a better energy efficiency than Refrigerant R-502 as indicated by a higher value 
40 for the coefficient of performance. These effects are illustrated in Tables 2 and 3 by refrigerants 5 to 8. 

[0023] Another particularly preferred refrigerant for replacing Refrigerant R-502 is a ternary mixture consisting es- 
sentially of: 

(a) 5 to 25 % by weight, preferably 5 to 24 % by weight of 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a); 
45 (b) 25 to 75 % by weight, preferably 26 to 75 % by weight of difluoromethane (HFC-32); and 

(c) 15 to 65 % by weight of pentafluoroethane (HFC-125). 

[0024] Such a refrigerant can provide a considerably higher refrigeration capacity, i.e a considerably higher cooling 
duty per unit swept volume, than Refrigerant R-502. This effect is illustrated in Tables 3, 4 and 5 by refrigerants 9 to 
so 12, 13 and 15. 

[0025] An especially preferred refrigerant for replacing Refrigerant R-502 is a ternary mixture consisting essentially of: 

(a) 5 to 45 % by weight of 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a); 

(b) 15 to 25 % by weight, preferably 15 to 24 % by weight of difluoromethane (HFC-32); and 
55 ( C ) 35 to 75 % by weight of pentafluoroethane (HFC-125). 

[0026] Such a refrigerant can provide a good balance between the various performance criteria which are desirable 
for a refrigerant which is intended to replace Refrigerant R-502. In other words, the performance characteristics of 
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Refrigerant R-502 can be matched reasonably closely by a refrigerant having the composition specified above. This 
effect is illustrated in Tables 1 and 2 by refrigerants 2 to 4. 

[0027] All the percentages by weight quoted above are based on the total weight of the refrigerant mixture. 
[0028] The refrigerant and the compositions containing them may be prepared by a simple mixing process. 
5 [0029] As stated above the refrigerant will be formulated into a refrigerant composition together with a lubricant. 
Polyalkylene glycols and especially esters are the lubricants used in the refrigerant compositions of the invention. By 
selecting a lubricant with a high thermal stability, it is possible to operate with higher compressor discharge temperature 
than is currently possible using conventional hydrocarbon lubricants and this can improve the thermodynamic efficiency 
of the refrigeration system. 

10 [0030] The refrigerants are useful in all types of compression cycle heat transfer devices. Thus, they may be used 
to provide cooling by a method involving condensing the refrigerant and thereafter evaporating it in a heat exchange 
relationship with a body to be cooled. They may also be used to provide heating by a method involving condensing 
the refrigerant in a heat exchange relationship with a body to be heated and thereafter evaporating it. The refrigerants 
are also useful in counter-current heat exchangers to increase the efficiency of such exchangers. 

15 [0031 ] The refrigerants of the invention provide a good compromise between efficiency and low atmospheric lifetime 
combined with non-flammability and zero ozone depletion. They are especially suitable for applications currently sat- 
isfied by Refrigerants R-22 and R-502. 
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Claims 



Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, PT, SE 

5 

1 . A refrigerant composition comprising: 

(I) a refrigerant comprising a ternary mixture of: 

10 (a) 1 ,1 ,1 ,2-tetrafluoroethane; 

(b) difluoromethane; and 

(c) pentafluoroethane; and 

(II) an ester lubricant, 

15 

the refrigerant (I) containing from 5 to 95 weight % of the 1 ,1 ,1 ,2-tetrafluoroethane and from 95 to 5 weight % of 
the other components. 

2. A heat transfer device in which the working fluid comprises a refrigerant composition as claimed in claim 1 . 



Claims for the following Contracting States : ES, GR 

1 . A process for producing heating or cooling comprising using a refrigerant composition comprising: 

25 

(I) a refrigerant comprising a ternary mixture of: 

(a) 1,1,1 ,2-tetrafluoroethane; 

(b) difluoromethane; and 
30 (c) pentafluoroethane; and 

(II) an ester lubricant, 

the refrigerant (I) containing from 5 to 95 weight % of the 1 ,1 ,1 ,2-tetrafluoroethane and from 95 to 5 weight % of 
35 the other components. 

2. A heat transfer device in which the working fluid comprises a refrigerant composition comprising: 

(I) a refrigerant comprising a ternary mixture of: 

40 

(a) 1,1,1 ,2-tetrafluoroethane; 

(b) difluoromethane; and 

(c) pentafluoroethane; and 

45 (II) an ester lubricant, 

the refrigerant (I) containing from 5 to 95 weight % of the 1 ,1 ,1 ,2-tetrafluoroethane and from 95 to 5 weight % of 
the other components. 

50 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, PT, SE 

55 

1. Kuhlmittel-Zusammensetzung, enthaltend: 

(I) ein Kuhlmittel. das ein ternares Gemisch aus: 
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(a) 1 ,1 ,1 ,2-Tetrafluorethan, 

(b) Difluormethan, und 

(c) Pentafluorethan enthalt, und 

(II) ein Ester-Schmiermittel, wobei das Kuhlmittel (I) von 5 bis 95 Gew.-% des 1 ,1 ,1 ,2-Tetrafluorethans und 
von 95 bis 5 Gew,-% der anderen Komponenten enthalt. 

Warmeubertragungsvorrichtung, in welcher das Arbeitsfluid eine Kuhlmittel-Zusammensetzung nach Anspruch 1 
enthalt. 



Patentanspruchefurfolgende Vertragsstaaten : GR, ES 

1. Verfahren zum Helzen Oder Kuhlen, bei dem eine Kuhlmittel-Zusammensetzung verwendet wird, die enthalt: 
(I) ein Kuhlmittel. das ein ternares Gemisch aus: 



(a) 1 ,1 ,1 ,2-Tetrafluorethan, 

(b) Difluormethan, und 

20 (c) Pentafluorethan enthalt, und 

(II) ein Ester-Schmiermittel, wobei das Kuhlmittel (I) von 5 bis 95 Gew.-% des 1 ,1 ,1 ,2-Tetrafluorethans und 
von 95 bis 5 Gew.-% der anderen Komponenten enthalt. 

25 2. Warmeubertragungsvorrichtung, in welcher das Arbeitsfluid eine Kuhlmittel-Zusammensetzung enthalt, die auf- 
weist: 

(I) ein Kuhlmittel. das 

30 (a) 1 ,1 ,1 ,2-Tetrafluorethan, 

(b) Difluormethan, und 

(c) Pentafluorethan enthalt, und 

(II) ein Ester-Schmiermittel, wobei das Kuhlmittel (I) von 5 bis 95 Gew.-% des 1 ,1 ,1 ,2-Tetrafluorethans. und 
35 von 95 bis 5 Gew.-% der anderen Komponenten enthalt. 



Revendications 

40 

Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, PT, SE 

1 . Composition refrigerante comprenant : 
45 (|) un refrigerant comprenant un melange ternaire de: 

(a) 1,1,1 ,2-tetrafluoroethane ; 

(b) difluoromethane ; et 

(c) pentafluoroethane ; et 

50 

(II) un lubrifiant consistant en ester, 

le refrigerant (I) contenant 5 a 95 % en poids du 1 ,1 ,1-tetrafluorethane et 95 a 5 % en poids de I'autre compose. 

55 2. Dispositif de transfert de chaleur dans lequel le fluide de travail comprend une composition refrigerante suivant la 
revendication 1 . 
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Revendications pour les Etats contractants suivants : ES, GR 

1 . Precede pour effectuer un chauffage ou refroidissement, comprenant I'utilisation d'une composition de refrigerant 
comprenant : 

5 

(I) un refrigerant comprenant un melange ternaire de: 

(a) 1,1,1 ,2-tetrafluoroethane ; 

(b) difluoromethane ; et 
10 (c) pentafluoroethane ; et 

(II) un lubrif iant consistant en ester, 

le refrigerant (I) contenant 5 a 95 % en poids du 1 ,1 ,1 ,2-tetrafluorethane et 95 a 5 % en poids des autres consti- 
15 tuants. 

2. Dispositif de transfert de chaleur, dans lequel le fluide de travail comprend une composition de refrigerant 
comprenant : 

20 (|) un refrigerant comprenant un melange ternaire de: 

(a) 1,1,1 ,2-tetrafluoroethane ; 

(b) difluoromethane ; et 

(c) pentafluoroethane ; et 

25 

(II) un lubrifiant consistant en ester, 

le refrigerant (I) contenant 5 a 95 % en poids du 1 ,1 ,1 ,2-tetrafluorethane et 95 a 5 % en poids des autres consti- 
tuents. 

30 
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